Equally contributed to this study. Sbragaglia, V., Morroni, L. Bramanti, L., Weitzmann, B., Arlinghaus, R., and Azzurro, E. Spearfishing modulates flight initiation distance of fishes: the effects of protection, individual size, and bearing a speargun. -ICES Journal of Marine Science, 75: 1779-1789. In a landscape of fear, humans are altering key behaviours of wild-living animals, including those related to foraging, reproduction, and survival. When exposed to potentially lethal human actions, such as hunting or fishing, fish, and wildlife are expected to behaviourally respond by becoming shyer and learning when to be cautious. Using a rich dataset collected in temperate rocky reefs, we provide evidence of spearfishing-induced behavioural changes in five coastal fish taxa, exposed to different levels of spearfishing exploitation, by using flight initiation distance (FID) as a proxy of predator avoidance. We detected a significant increase of mean and size effects of FID when the observer was equipped with a speargun. Such effects were more evident outside marine protected areas where spearfishing was allowed and was commensurate to the historically spearfishing pressure of each investigated taxon. Our results demonstrate the ability of fish to develop finetuned antipredator responses and to recognize the risks posed by spearfishers as human predators. This capacity is likely acquired by learning, but harvest-induced truncation of the behavioural diversity and fisheries-induced evolution may also play a role and help to explain the increased timidity shown by the exploited fishes in our study.
Introduction
The exploitation of wild animal populations by humans, via fishing or hunting, can alter the abundance, size-structure, life-history, and behaviour of the targeted populations (Allendorf and Hard, 2009; Sullivan et al., 2017) . Accordingly, substantial effort has been devoted to understand the ecological (e.g. Worm et al., 2009; Arlinghaus et al., 2017) and evolutionary consequences of fishing (e.g. Jørgensen et al., 2007; Laugen et al., 2014) . Fish traits such as size or behaviour are typically thought to be under selection by fishing (Law, 2007; Uusi-Heikkilä et al., 2008; Kuparinen and Festa-Bianchet, 2017; Lennox et al., 2017) , and such traitselective harvesting in combination with elevated mortality is expected to affect the size and age structure (e.g. Arlinghaus et al., 2010) , life-history and behavioural traits in fish populations (Jørgensen et al., 2007; Allendorf and Hard, 2009; Uusi-Heikkilä et al., 2015; Andersen et al., 2018) . Specifically, many fishing gears selectively remove large (e.g. Law, 2007) and bold individuals (e.g. Klefoth et al., 2017) , thereby favouring fast life-histories (Heino et al., 2013; Laugen et al., 2014) and often more cautious behavioural types Diaz Pauli and Sih, 2017; Andersen et al., 2018) . Harvest-induced changes can be caused both by plastic and evolutionary responses (Kelley and Magurran, 2003; Laugen et al., 2014; Arlinghaus et al., 2017; Andersen et al., 2018) .
The potential for fisheries to alter the behavioural composition in fish populations has not been fully explored (Uusi-Heikkilä et al., 2008; Heino et al., 2015; Arlinghaus et al., 2017; Tillotson and Quinn, 2018) despite the publication of the first observations and hypotheses in the mid-1950s (Miller, 1957) . Recent developments in fish personality research (e.g. Mittelbach et al., 2014) have generated a theoretical basis to derive hypotheses about the proximate and ultimate mechanisms of fisheries-induced behavioural modification (Andersen et al., 2018) . Animal personality traits can correlate forming behavioural syndromes defined as correlated behavioural trait complexes that vary consistently among individuals across ecological contexts and time (Sih et al., 2004) . On the basis of the behavioural syndrome concept, a widespread harvesting-induced "timidity syndrome" has been hypothesized 2017) . The timidity syndrome hypothesis suggests that exploitation by passive fishing gears selectively removes bold, aggressive, explorative or active individuals, rendering the exploited population more "timid" compared with unexploited populations of the same species . The term "timidity" summaries expected changes in any or a combination of personality traits (e.g., activity, boldness), rendering the surviving fishes collectively more cautious against passive fishing gears . It is an open question whether this increased timidity towards fishing gears also translates to increased timidity against natural predators, in turn forming a syndrome that may have a range of ecological, social and economic consequences, most notably by altering the catchability or natural mortality rates of exploited populations .
Spearfishing (defined as fishing with a speargun while freediving) is a globally popular recreational activity with important historical and social roots, especially in the Mediterranean Sea (Coll et al., 2004; Lloret et al., 2008; Sbragaglia et al., 2016) . The speargun can be considered an active fishing gear, as similar to hunting, spearfishers are able to visually target and select their prey (Dalzell, 1996) . Active gears have been speculated to mainly target shy and social fishes (Diaz Pauli and Heino, 2014) ; however, there is good reason to believe that spearfishing also selectively captures active, explorative and bold individuals (e.g. Januchowski-Hartley et al., 2011; Côté et al., 2014; Tran et al., 2016) . The selectivity of spearfishing depends on the human hunting technique (shelter seeking, ambush, sit-and-wait or direct approach) and is related to the level of expertise of the fisher (Diogo et al., 2017) . Similar to trophy hunting (e.g. Coltman et al., 2003) , spearfishers target large individuals, but as capture depends on physical proximity of the fish and the spearfisher there is also potential for selection on behavioural phenotypes, such as boldness or sociability (e.g. Feary et al., 2011; Januchowski-Hartley et al., 2011; Côté et al., 2014; Tran et al., 2016) . Therefore, in heavily exploited areas, the traits linked to the ability of fishes to hide or escape from the spearfisher may be under a strong selective pressure (Ydenberg and Dill, 1986; Stankowich and Blumstein, 2005; JanuchowskiHartley et al., 2011) . However, fish behaviour has a large plastic component and can thus also rapidly change through learning to avoid an approaching spearfisher (Kelley and Magurran, 2003; Tran et al., 2016) . As a consequence, levels of timidity can substantially increase via increased spearfishing pressure within few days after opening a fishing zone (Goetze et al., 2017) .
The rapid increase of spearfishing in the last 60 years in the Mediterranean area (Coll et al., 2004) represents a new pressure for fish populations and an opportunity to understand how fish cope with the sudden arrival of a new human predator. Fishes can became aware of the presence of predators by olfactory (Chivers and Smith, 1998) , tactile or auditory stimuli (Kelley and Magurran, 2003) , but in clear water conditions typical for many areas of the Mediterranean rocky reefs, visual cues are likely the primary source of information that allows fishes to recognize predators from long distances (Aksnes and Giske, 1993) . Fishes quickly learn how to reduce predation risk and as a consequence modulate the fundamental growth-mortality trade-off (Werner and Hall, 1974; Ydenberg and Dill, 1986; Stamps, 2007) . In particular, the escape behaviour will be fine-tuned according to the presence of local food availability and individual internal states. For example the approach of a predator may be more closely tolerated by a hungry fish in a food-deprived environment than by a satiated counterpart (see the economic hypothesis in Ydenberg and Dill, 1986) . Learning can be both an individual or social process, contributing to the large plasticity in behavioural repertoire that is typical of many fish species (Kieffer and Colgan, 1992; Mangel and Stamps, 2001; Odling-Smee and Braithwaite, 2003) . Learning ability is also correlated with personality traits, for example in guppies (Poecilia reticulata) bolder individuals learn more quickly than shy individuals (Trompf and Brown, 2014) . Notwithstanding that different personalities can emerge from clonal fishes reared in identical environmental conditions (e.g. Bierbach et al., 2017) , consistent differences in behavioural traits have been found to carry a large genetic (i.e. heritable) component (Dochtermann et al., 2014) . Thus, spearfishing-induced selection on behaviour could also induce evolutionary change towards increased shyness by removing bold, risk-taking fishes (Andersen et al., 2018) .
The flight initiation distance (FID), which is the distance a predator can approach a prey before the prey flees, is the most commonly used metric to assess prey wariness (Ydenberg and Dill, 1986) . The main findings to date with respect to fishes, indicate that FID increases outside marine protected areas (MPAs; e.g. Guidetti et al., 2008; Feary et al., 2011; Januchowski-Hartley et al., 2012; Bergseth et al., 2016; Tran et al., 2016) , with individual fish size (e.g. Gotanda et al., 2009; Benevides et al., 2016) and with increasing fishing pressure (e.g. Côté et al., 2014; Januchowski-Hartley et al., 2015) . However, only two studies tested the effects of bearing a speargun simulating a realistic spearfishing threat (Januchowski-Hartley et al., 2012; Tran et al., 2016) . In these studies, the presence of a speargun was not associated with a specific response in exploited Scaridae (parrotfishes; Januchowski-Hartley et al., 2012) , whilst the historically unexploited lined bristletooth (Ctenochaetus striatus) was found to be able to discriminate between a snorkeler with or without a speargun (Tran et al., 2016) . The absence of an effect of speargun on FID of Scaridae in the study by Januchowski-Hartley et al. (2012) can be related to two reasons as pointed out by authors: first, the frontal approach to the fish could have masked the presence of the speargun; second, the fake speargun (i.e. a piece of wood) used in the study may not have been perceived as a real speargun. Surprisingly, Tran et al. (2016) did find an increase of FID in the presence of a diver with a speargun approaching the fish from the surface in a species that is not harvested by spearfishers. The authors explained these unexpected results by two plausible mechanisms: first, the unharvested lined bristletooth could have learned from harvested heterospecifics; second, the diver with the speargun could have been perceived as a large and dangerous natural predator. Accordingly, to clarify the effect of historical spearfishing pressure, MPAs, fish individual size and in particular of bearing a speargun we investigated FID of fishes across five taxa across a gradient of historical spearfishing pressure under different levels of protection offered by MPAs where spearfishing is not allowed. To mechanistically understand how fishes respond to the presence of a speargun, we included a "spearfishing" treatment (i.e. using a real speargun), which allowed testing the ability of fishes to recognize the threat represented by spearfishers approaching from the surface. Our predictions were: (i) FID increases according to the threat level fishes associate with spearfisher encounters (higher FID in the presence of a diver with a speargun than without it; higher FID outside than inside MPAs); (ii) FID increases in proportion to the historical spearfishing pressure of a given species (the higher the historical exploitation of a given species, the higher is the FID); and (iii) FID increases with fish size because larger fishes are preferentially targeted by spearfishers compared with smaller fishes and thus large fish are under greater threat and have experienced more spearfishing pressure throughout lifetime.
Material and methods

Studied taxa
We targeted five common coastal fish taxa subjected to different levels of historical spearfishing harvest, listed in order from low to high historical exploitation intensity: (i) East Atlantic peacock wrasse (Symphodus tinca); (ii) Salema (Sarpa salpa); (iii) Mugilidae that includes the following taxa: thicklip grey mullet (Chelon labrosus), flathead grey mullet (Mugil cephalus), the golden grey mullet (Liza aurata), and thinlip mullet (Liza ramada); (iv) common two-banded seabream (Diplodus vulgaris); and (v) white seabream (Diplodus sargus). Hereafter, we will refer to these five groups as "taxa". This gradient was compiled on the basis of literature as to the intensity of exposure of each species to spearfishing (Harmelin et al., 1995; Coll et al., 2004; Lloret et al., 2008; Rocklin et al., 2011) and also reflected the authors' knowledge of spearfishers' habits in the studied areas. FID was measured in a 4 Â 5 factorial design (four treatments Â five taxa). Treatments were represented by two areas with different levels of harvesting protection status (protected/ unprotected sites) and two diver configurations (potentially threatening spearfishing with a speargun and non-threatening snorkeling without a speargun). Previous studies have demonstrated that protection status of the area has a stronger effect on FID than the presence of spearguns in the hand of experimental divers (Januchowski-Hartley et al., 2012) . We thus considered the four combinations as a gradient of threatening situations for the fishes: strong threat (unprotected/spearfishing: hereafter Spear-NP), medium threat (unprotected/snorkeling: hereafter Snork-NP), weak threat (protected/spearfishing: hereafter Spear-P) and very weak threat (protected/snorkeling: hereafter Snork-P). All observations were conducted at a minimum distance of 750 m from the MPA borders, to avoid potential spillover of naive fish from the MPAs (Januchowski-Hartley et al., 2013; Aló s et al., 2015). All sites were surveyed by the same operator (LM). The spearfisher was equipped with a speargun (100 cm long, rubbers were removed and substituted with PVC tubes to not violate regulations of the MPAs) and with the typical spearfishing equipment (black wetsuit, long black fins and black mask). The snorkeler equipment consisted of a short blue wetsuit, short blue fins and a coloured mask. The different diver configurations (spearfisher/snorkeler) were applied inside and outside each MPA in a random order over 4-7 consecutive days.
Study sites and experimental design
Data collection
The operator swam on the surface along a linear transect over rocky reef bottom between one and three meters depth, identifying the target fish from the surface, and then swimming on the surface towards it at a steady speed of $0.5 m s
À1
. When the fish reacted to the presence of the operator (usually flight away) the position of the diver was marked with a small weight connected to a metric rope that was used to calculate the distance to the point at which the fish fled. The distance to known static objects (length range 1-18 m; N ¼ 30) was estimated with an error of 8.9 6 6.7% (average percent error 6 standard deviation) to establish the accuracy of FID estimation. Flight was considered to have occurred when the fish increased its swimming speed or changed its swimming direction in response to the operator. Rare positive interactions (i.e. the fish swan towards the diver) in the MPAs were not considered in this study. For each target fish, the species was determined, and total length was estimated to the nearest cm. The length of known-size static objects (length range 10-70 cm; N ¼ 30) was estimated with an error of 8.4 6 6.4% (average percent error 6 standard deviation) to establish the accuracy of the size estimation. Larger mobile individuals were counted first to minimize the chance of approaching a target fish that had been disturbed by a previous trial, consecutive trials were conducted a minimum of 10 m apart, and in the opposite direction to which a disturbed fish fled, to ensure independence of samples within sites.
Spearfishing modulates flight initiation distance of fishes
Statistical analysis
We implemented a linear mixed model with random intercepts using FID as response variable, estimated size as covariate, treatment (four levels: Spear-NP; Snork-NP; Spear-P; Snork-P) and taxa (five levels D. sargus, D. vulgaris, Mugilidae, S. salpa, and S. tinca) as fixed effects, and the three areas (Bonifacio, Banyuls, and Medes) as random effect. Model fitting was examined by checking normality of residuals and plotting theoretical quantiles vs. standardized residuals. We used the "lme4" R package (Bates et al., 2014) to implement the linear mixed models and the "car" R package (Fox et al., 2016) to calculate Wald v 2 statistics associated with the fixed effects and the "lsmeans" R package (Lenth, 2016) to run multicomparisons among slopes or means by using Tukey's post hoc test with a 95% confidence interval. All analyses were conducted in R 3.3.1 (R Core Team, 2017).
Results
During the survey, we scored FID of N ¼ 1328 fishes (345 S. tinca, 177 S. salpa, 130 Mugilidae, 286 D. vulgaris, and 390 D. sargus) distributed among areas and treatments according to Table 1 where we also reported their estimated size range. All fixed effects and the covariate (size) revealed significant effects on FID except for the interaction treatment Â taxa (Table 2) . Also, the random effects explained 6% of the variance after accounting for fixed effects. Most importantly, a significant three-way interaction effect among size, treatment and taxa was detected (v 2 12, 1328 ¼ 37.47, p < 0.001; Table 2 ), indicating that the treatments exerted differential effects depending on the size of the fish and the taxa as predicted.
The mean FID, while accounting for the mean effect of size, increased outside the MPA both in the presence of the spearfisher and snorkeler for the four historically most targeted taxa (D. sargus, D. vulgaris, Mugilidae and S. salpa; Supplementary Table S1, Figures 2 and 3a) . In the case of the historically least targeted S. tinca, FID increased outside the MPAs only in the presence of the spearfisher (Supplementary Table S1 , Figures 2 and 3a) . Inside the MPA, FID was not significantly different in the presence of either a spearfisher or a non-threatening snorkeler (Supplementary  Table S1 , Figures 2 and 3a) . By contrast, the presence of a spearfisher outside the MPA increased FID in all the taxa except for the least targeted S. tinca (Supplementary Table S1 , Figures 2 and   3a) . Interestingly, outside the MPA, FID was always larger than four meters (except for S. tinca; see Supplementary Table S1 ).
The presence of a snorkeler as well as a spearfisher inside the MPA triggered a larger FID in the most historically heavily exploited taxa (D. sargus and D. vulgaris) compared with the least exploited S. tinca (Supplementary Table S1 , Figures 2 and 3b) . Outside MPAs, in presence of a snorkeler, FID was significantly shorter for the least historically exploited S. tinca compared with the other four taxa (Supplementary Table S1 , Figures 2 and 3b) . Moreover, S. salpa revealed shorter FID than D. sargus. Finally, a similar pattern was observed outside the MPA in the presence of a spearfisher where S. tinca exhibited the same pattern seen before with shorter FID than all the other taxa (Supplementary Table S1 , Figures 2 and 3b) . Finally, S. salpa showed shorter FID than most exploited taxa D. sargus and D. vulgaris (Supplementary Table S1 , Figures 2 and 3b) .
The positive linear correlation between size and FID indicated that in almost all circumstances larger fish were more timid (Table 2, Figure 2 ). The comparison within taxa indicated that inside the MPA only the historically most exploited D. sargus indicated a significant increase of the size effect in the presence of a spearfisher (Supplementary Table S1 ; Figures 2 and 4a) . Outside the MPA the size response related to FID in the presence of a spearfisher increased for the two most exploited taxa (D. sargus and D. vulgaris; Supplementary Table S1 ; Figures 2 and 4a) . Table 1 . Number of observations and size range collected for each taxa in each Western Mediterranean areas (Banyuls, Bonifacio, Medes) and for each treatment (Snork-P: snorkeling inside the marine protected area; Spear-P: spearfishing inside the marine protected area; Snork-NP: snorkeling outside the marine protected area; Spear-NP: spearfishing outside the marine protected area). The fixed factors, the covariate and their interactions are reported together with degree of freedom (df), the Ward's Chi-square value statistics (v 2 ) and the p value (p).
Moreover, our results showed no differences in the least exploited taxa S. tinca, while the size effect in the less exploited S. salpa and Mugilidae was larger when they encountered a snorkeler outside the MPA than inside (Supplementary Table S1 , Figures 2 and 4a) . Further, the size response in D. vulgaris was larger only when a spearfisher was encountered outside the MPA (Supplementary  Table S1 , Figures 2 and 4a) . Finally, the most exploited taxa (D. sargus) showed a larger size effect outside the MPA both in presence of a snorkeler and a spearfisher than inside the MPA (Supplementary Table S1 , Figures 2 and 4a) .
The comparison within treatment indicated that the size effect inside the MPA was the same for all the taxa in the presence of a snorkeler (Supplementary Table S1 , Figures 2 and 4b) , while in the presence of a spearfisher the historically most exploited taxa (D. sargus) indicated a larger effect than the three less exploited ones (S. tinca, S. salpa, and Mugilidae). Outside the MPA in the presence of a snorkeler, the size effect was larger in the most exploited D. sargus than the least exploited S. tinca (Supplementary Table S1 , Figures 2 and 4b) . Finally, in the presence of a spearfisher outside the MPA, the historically most exploited D. sargus indicated a larger size effect than the three less exploited taxa (S. tinca, S. salpa, and Mugilidae). A similar pattern was observed in the second most exploited taxa (D. vulgaris) where the size effect was larger than S. tinca and Mugilidae (Supplementary Table S1 , Figures 2 and 4b ).
Discussion
We found that spearfishing increased timidity (as revealed by FID) in exploited fishes and we confirmed our three initial predictions. Specifically, we found that FID was larger in the presence of a spearfisher than a snorkeler. Such effects were more evident outside the MPAs and in the most exploited taxa, suggesting that fishes either have historically learned how to reduce predation risk through recognition of humaninduced threats (plastic response) or certain behavioural types have been selectively harvested. Our results suggest the presence of a spearfishing-induced timidity syndrome , but further studies are still needed to understand whether timidity is also increased in other contexts such as in the presence of natural predators. Our results indicated that timidity was more pronounced in the most historically targeted taxa (e.g. D. sargus compared with S. tinca), considering both mean and size effects on FID. The positive correlation between FID and individual size can most plausibly be explained by a plastic response to the treatments applied in our study (Stankowich and Blumstein, 2005) , but might also carry an evolutionary component, similar to findings reported from a freshwater salmonid targeted by recreational anglers in Japan (Tsuboi et al., 2016) .
Effect of MPAs on FID
Protection of aquatic areas against exploitation has well known effects on fish behaviour and typically has resulted in a decrease of fish shyness in a range of case studies ranging from spearfishing (Gotanda et al., 2009; Januchowski-Hartley et al., 2011; 2012; Tran et al., 2016) Table S1 ). The estimation of FID is related to the significant three way interactions reported in Table 2 (size Â treatment Â taxa). The mean estimation of FID adjusted for the average (22.5 cm) size effect is reported: (a) within the same taxa for each treatment; (b) within the same treatment for each taxa. In both cases, taxa and treatments are listed according to an increasing gradient of historical spearfishing pressure and threat, respectively. Vertical lines indicate the 95% confidence interval. Letters represent the output of the Tukey post hoc test (a < b < c).
2016; Cooke et al., 2017; Twardek et al., 2017) . In line with our results, previous studies have also demonstrated that this response is taxa-specific and mainly shown by the most intensively targeted taxa (e.g. Aló s et al., 2015; Januchowski-Hartley et al., 2015; Colefax et al., 2016) . Interestingly, we found that outside the MPA, the mean FID value were always larger than 4 m (except for S. tinca), which constitutes the maximum shooting range of the most commonly used spearguns (personal observations: VS, LM, EA) and could reduce the effectiveness of underwater human predation. This finding suggests that common metrics used to assess fish abundance, such as catch rates or visual census, might bias the perception about true fish abundance and negatively affect fisher satisfaction Arlinghaus et al., 2017) . Our results also support the proposal that fish shyness assessed either visually or by underwater cameras can be used as a sensitive indicator of changes in fishing pressure (Goetze et al., 2017) . Our findings in spearfishing can probably be extended to other recreational fishing gears Tsuboi et al., 2016) and may well apply to many passively operated commercial gears as well, e.g. gill nets or traps .
Risk recognition of human-induced predation threat
Changes in the appearance of the observer (spearfisher vs. snorkeler) were expected to generate different responses among the targeted taxa. Our results demonstrate that fishes were able to discriminate between different threat levels (spearfisher vs. snorkeler), and this ability varied among taxa according to their historical exposure to harvesting, body size and level of protection against harvesting. Fishes are therefore able to differentially sense human-induced predation risk and fine-tune their behavioural response (Frid and Dill, 2002) . In the case of spearfishing, the optimal FID navigates the fundamental trade-off between energy acquisition (e.g. time spent foraging) and the risk of being captured or attacked by predators (Ydenberg and Dill, 1986; Stankowich and Blumstein, 2005) , which has strong repercussions for individual fitness (Frid and Dill, 2002) . Although fishes are generally known to accomplish this trade-off when being exposed to natural predators (e.g. Werner and Hall, 1974) , our work shows that the same is also valid for underwater human predators. For example, among the historically most exploited taxa, such as D. sargus and D. vulgaris (Lloret et al., 2008; Rocklin et al., 2011) , FID increased with increasing humaninduced predation risk. The recognition of spearfishers as a potential predator adds important information to the generally small and partly contradictory body of literature on this topic (Januchowski-Hartley et al., 2012; Tran et al., 2016) . In fact, we documented a stronger effect of individual size on FID in the presence of a spearfisher compared with a snorkeler. This provides solid evidence that large (and hence experienced) individuals ultimately recognize spearfishers as more dangerous predators than the snorkelers. The ability of fishes to recognize spearfishers is probably mediated by visual cues to assess human-predation risk and properly allocate resources to avoid the risk to being harmed or captured, similar to the case in natural predation (Kelley and Magurran, 2003; McCormick and Manassa, 2008) . Also, a sizable literature on catch-and-release recreational angling has shown that fishes are able to develop rapid hook avoidance (Klefoth et al., 2013) and that previous catch-and-release results in behavioural alteration and the seeking of refugees .
The ability of different sized fishes to respond to human-induced predation risk Table S1 ). The estimation of the FID is related to the size effect of three way interactions reported in Table 2 (size Â treatment Â taxa). The estimation of the linear correlation between size and FID (slopes) are reported: (a) within the same taxa for each treatment; (b) within the same treatment for each taxa. In both cases, taxa and treatment are listed according to an increasing gradient of historical spearfishing pressure and threat, respectively. Vertical lines indicate the 95% confidence interval. Letters represent the output of the Tukey post hoc test (a < b < c).
as already documented in other field studies in coral reefs (Gotanda et al., 2009; Januchowski-Hartley et al., 2011; Bergseth et al., 2016) . What is novel in our study is that the size effect increased according to both the risk associated to the four situations tested and to the historical spearfishing pressure of the taxa suggesting the presence of learning processes (but see next section for alternative hypotheses). Indeed, the size range in the historically most exploited D. sargus spanned from 4 to 50 cm, which represents individuals from one to more than ten years (Gordoa and Molí, 1997) . Such age range could easily allow individuals to experience and learn the risks associated with a spearfisher. Moreover, in the MPAs, the size effect in D. sargus was stronger in presence of a spearfisher than when confronted by a nonthreatening snorkeler. This may be explained by experiences acquired beyond the boundaries of protected areas, because some D. sargus individuals are known to visit areas outside the MPAs (e.g. Di Lorenzo et al., 2014) where they may experience spearfishing and learn avoidance behaviours. A similar scenario has been suggested in coral reefs (Januchowski-Hartley et al., 2015) . Alternatively, larger individuals could have experienced spearfishing predation risk inside the MPAs due to poaching activities.
Mechanisms underlying FID responses
The modulation of FID documented in our study can be explained by at least three main mechanisms : the first mechanism is associated with change of mean phenotype by selective removal of bolder individuals (Biro and Post, 2008; Cooke et al., 2017; Klefoth et al., 2017; Twardek et al., 2017) without considering evolution of behaviour or plastic responses. The second involves the passing of genes coding for high responsiveness to fishing gear to subsequent generations, leading to spearfishing-induced evolution and related change in average behaviour. Behaviours that contribute to recreational fishing vulnerability have indeed been reported to have a genetic component (Philipp et al., 2009; Klefoth et al., 2013) , and many personality traits have been documented to have a high heritability (Dochtermann et al., 2014) . Moreover, increased timidity could be more expressed in the most vulnerable morphological or ontogenetic stage. In largemouth bass (Micropterus salmoides) fitness of juveniles was found to be negatively affected by boldness, while at the adult stage bold males had greater reproductive success (Ballew et al., 2017) . These life-stage specific diverging selection pressures could either maintain variation in boldness or favour life-stage expression of boldness. This means that since the establishment of the MPAs surveyed in this study (between 18 and 42 years ago), selective forces induced by human predation could have operated on the genetic underpinning of behavioural traits correlated with or controlling FID (e.g. boldness or exploration), leading to fisheries-induced evolution of behaviour (UusiHeikkilä et al., 2008; Heino et al., 2015) . The third mechanism that has been implied in the previous paragraph relates to a purely plastic behavioural response of fish mediated by learning (outside the MPAs) and forgetting (inside the MPAs) processes in response to predators (e.g. Brown et al., 2013) . This can be achieved by both private (e.g. individuals experiencing spearfishing-induced injury) and social (e.g. individuals seeing conspecifics being injured or captured) experiences. For example fish can learn to recognize a new predator through chemical alarm substances (Smith, 1992) .
These three mechanisms are not mutually exclusive and our field methods were not intended to differentiate among them, however a stronger role of learning mechanisms (both for mean and size effects) may be supported for two main reasons. First, the broad connectivity of marine systems and the often-observed absence of genetic structuring of fish populations in MPAs (see Pujolar et al., 2013; Sahyoun et al., 2016) should maintain high gene flow between protected and unprotected marine areas. Second, periodic fishing closures have been found to result in a decrease of FID in other studies (Januchowski-Hartley et al., 2014) . Nevertheless, previous common-garden-experiments using both laboratory models as well as wild-living populations raised in laboratories have shown that size-selective harvesting can indeed lead to timidity and affect both fish life-history and personality through evolutionary mechanisms (Uusi-Heikkilä et al., 2015; Tsuboi et al., 2016) . The hypothesis of an ongoing spearfishing-induced evolution of FID cannot be excluded and should be tested by common garden experiments or by reciprocal transplants in the wild (Diaz Pauli and Heino, 2014) .
Conclusions
Our study provides a comprehensive assessment of how spearfishing modulates fish anti-human-predator behaviour in the wild, demonstrating that fishes are able to discriminate between snorkelers with or without a speargun. We also demonstrated that the historical exploitation pressure of taxa can modify FID both in terms of mean and size effects. The behaviour adopted by the observer in this study (chasing the fishes from the surface) constitutes an active harvesting technique where the ultimate decision to catch a fish is taken by the spearfisher. This suggests that a timidity syndrome could also be possible by means of active fishing gears and not only by passive fishing gear types as previously argued Diaz Pauli and Sih, 2017) . Overall our study confirms that fish wariness is a suitable indicator of human-induced predation risk in selected species (Goetze et al., 2017) . Moreover, it provides the first insight on how spearfishing modulates FID in a temperate rocky reef and constitutes an important background for future studies aiming to characterize anti-predator strategies, behavioural defences and the tradeoff between conservation and catch rates of spearfishers.
Supplementary data
Supplementary material is available at the ICESJMS online version of the manuscript.
